REMARKS/ARGUMENTS 

Claims 28-35 and 38-40 are pending in this application. 

Claims 28-32 have been amended to further clarify what applicants have always regarded 
as their invention. Support for polypeptides "comprising" polypeptide variants is found in the 
specification at, for example, page 283, lines 2-27. The amendments to the claims are fully 
supported by the specification and claims as originally filed and do not constitute new matter. 
Apphcants beUeve that the current amendments place all claims in prima facie condition for 
allowance or, at least, in a better form for consideration on appeal. Accordingly, the 
consideration and entry of the present amendment after final rejection is respectfully requested. 

Applicants expressly reserve the right to pursue any canceled matter in subsequent 
continuation, divisional or continuation-in-part application(s). 

In addition, Apphcants request the PTO to take note of the Revocation and Power of 

Attorney and Change of Address filed on February 28, 2003, and kindly direct all future* 

correspondence to the address indicated, to: 

CUSTOMER NO. 35489 

Ginger R, Dreger 
HELLER EHRMAN LLP 
275 Middlefield Road 
Menlo Park, California 94025 
Telephone: (650) 324-7000 
Facsimile: (650) 324-0638 

L Claim Rejections Under 35 U,S,C. §101 and 35 U.S.C, $112. First Pargraph 

Claims 28-35 and 38-40 remain rejected under 35 U.S.C. §101 allegedly "because the 

claimed invention is not supported by either a credible, specific and substantial asserted utility or 

a well established utility " (Page 2 ofthe instant Office Action). 

Claims 28-35 and 38-40 remain further rejected under 35 U.S.C. §112, first paragraph, 

allegedly "since the claimed invention is not supported by either a specific and substantial 

asserted utility or a well established utility for the reasons set forth above, one skilled in the art 

clearly would not know how to use the claimed invention." (Page 19 of the instant Office 

Action). 
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BEST AVAILABLE COPY 



For the reasons outlined below, Applicants respectfully disagree and traverse the 
rejection. With respect to Claims 28-35 and 38-40, AppUcants submit that not only has the 
Patent Office not established a prima facie case for lack of utility and enablement, but that the 
PRO 1759 polypeptides possess a credible, specific and substantial asserted utihty and are fully 
enabled. 

The data and documentary evidence supporting a patentable utility 

First of all. Applicants respectfully maintain the position that the specification discloses 
at least one credible, substantial and specific asserted utihty for the claimed PRO 1759 
polypeptides for the reasons previously set forth in Applicants' Responses filed on February 2, 
2005, and July 21, 2005. 

Furthermore, as first discussed in Applicants' Response of February 2, 2005, Applicants 
rely on the gene amplification data for patentable utility of the PR01759 polypeptide, and the 
gene ampUfication data for the gene encoding the PR01759 polypeptide is clearly disclosed in 
the instant specification under Example 143. A ACt value of at least 1.0 was observed for 
PR01759 in at least three of the tumors Usted in Table 8. PR01759 showed approximately 1.11- 
1.51 ACt units which corresponds to 2^-^^-2^'^* fold ampUfication or 2.16 fold to 2.85-fold 
amplification in lung tumors HF000842 and HF001296, and in colon tumor center HF000795. 
(See Table 8 of the specification). Accordingly, the present specification clearly discloses 
overwhebning evidence that the gene encoding the PRO 1759 polypeptide is significantly 
amplified in lung and colon tumors. 

The Examiner has asserted that "the instant specification provides data showing a very 
small increase in DNA copy number" (Page 3 of the instant Office Action). The Examiner has 
further asserted that "[t]he specification merely demonstrates that the PRO 1 759 nucleic acid was 
amplified in three cancer samples, to a minor degree (about 2.5 fold)." (Page 13 of the instant 
Office Action). 

AppUcants submit that the Examiner seems to have appUed a heightened utility standard 
in this instance, which is legally incorrect. Applicants have shown that the gene encoding 
PRO 1759 demonstrated significant amplification, fi-om 2.16 to 2.85 fold , in three lung and colon 
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tumors. As explained in the Declaration of Dr. Audrey Goddard (submitted with the Response 

filed February 2, 2005): 

It is further my considered scientific opinion that an at least 2-fold increase in 
gene copy number in a tumor tissue sample relative to a normal (i.e., non-tumor) 
sample is significant and useful in that the detected increase in gene copy 
number in the tumor sample relative to the normal sample serves as a basis for 
using relative gene copy number as quantitated by the TaqMan PCR technique 
as a diagnostic marker for the presence or absence of tumor in a tissue sample of 
unknown pathology. (Emphasis added). 

By referring to the 2.16-fold to 2.85-fold ampUfication of the PR01759 gene in lung 

tumors as "very small," or "minor," the Examiner appears to ignore the teachings within an 

expert's declaration without any basis, or without presenting any evidence to the contrary . 

Appellants respectfully draw the Board's attention to the Utility Examination Guidelines (Part 

nB, 66 Fed. Reg. 1098 (2001)) which state that: 

"Office personnel must accept an opinion from a qualified expert that is based 
upon relevant facts whose accuracy is not being questioned; it is improper to 
disregard the opinion solely because of a disagreement over the significance or 
meaning of the facts offered". 

Thus, given the absence of any evidence to the contrary, Applicants maintain that the 2.16 
to 2.85-fold ampUfication disclosed for the PR01759 gene is sienificant and forms the basis for 
the utility claimed herein. 

Further, Applicants respectfully submit that the amplification of the nucleic acids in even 
one lung or colon tumor provides specific and substantial utihtv for PRO 1759 as a diagnostic 
marker of the type of lung or colon tumor in which the gene encoding it was amphfied . 
AppUcants submit that the tumors listed in Table 8 are not similar timiors from different patients, 
but various types/classes of lung and/or colon tumors at different stages. Accordingly, a positive 
result from one tumor, where the nucleic acid was amplified, but not from other tumors, indicates 
that PRO 1759 can be used as a marker for diagnosing the presence of that kind of tumor in which 
it was amplified. Amplification of the nucleic acid would be indicative of that specific class of 
lung or colon tumor, whereas absence of amplification would be non-conclusive. 

The Examiner has asserted that "[o]ne cannot determine from the data in the specification 
whether the observed 'amplification' of nucleic acid is due to increase in chromosomal copy 
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number, or alternatively due to an increase in transcription rates." (Page 13 of the instant Office 
Action). Applicants note that the data in the specification relates to amplification of DNA, not 
mRNA, thus transcription rates would not affect this data. 

The Examiner further asserts that "the data were not corrected for aneuploidy, a 
phenomenon that occurs in cancerous and non-cancerous lung (Sen). Therefore, it is not clear 
that the reported ampHfication is significant." (Page 13 of the instant Office Action). No 
evidence is cited in support of the assertion that aneuploid DNA is found in normal tissue. To 
the contrary, Sen, the only reference cited by the Examiner, teaches that aneuploidy is "a discrete 
chromosome mutation event that contributes to malignant transformation and progression 
process" (Abstract). Sen fiirther teaches that "[i]n addition to being implicated in tumorigenesis 
and correlated with distinct tumor phenotypes, chromosome aneuploidy has been used as a 
marker of risk assessment and prognosis in several other cancers" (page 84, col. 1). Therefore, 
aneuploidy is a useful marker for a cancerous or pre-cancerous state. Hence, Applicants 
respectfully submit that whether a pre-cancerous or tumor sample were analyzed, the showing of 
increased PRO 1759 DNA levels as a result of aneuploidy would still be significant, since it 
would lead to the diagnosis of either a pre-cancerous state or a cancerous state, which is the 
utility asserted here. 

Applicants further submit that it is known in the art that detection of gene ampHfication 

can be used for cancer diagnosis regardless of whether the increase in gene copy number results 

from intrachromosomal changes or from chromosomal aneuploidy. As explained by Dr. 

Ashkenazi in his Declaration (submitted with AppUcants' Response filed February 2, 2005), 

An increase in gene copy number can result not only from intrachromosomal 
changes but also from chromosomal aneuploidy. It is important to understand that 
detection of gene amplification can be used for cancer diagnosis even if the 
determination includes measurement of chromosomal aneuploidy. Indeed, as long 
as a significant difference relative to normal tissue is detected, it is irrelevant if 
the signal originates fi^om an increase in the number of gene copies per 
chromosome and/or an abnormal number of chromosomes. 

Hence, Applicants submit that gene amplification of a gene, whether by aneuploidy or 
any other mechanism, is useful as a diagnostic marker. 
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The Examiner further asserts that "[t]he control DNA appeared to be from blood rather 
than from a matched tissue sample (i.e., healthy lung and colon), while the literature shows that 
matched tissue samples are the standard (Pennica et al)." (Page 13 of the instant Office Action). 

Applicants respectfully submit that the Examiner's statement is scientifically and factually 
inaccurate, because the negative control taught in the specification was known in the art at the 
time of filing, and accepted as a true negative control as demonstrated by use in peer reviewed 
pubhcations, including Pennica et al Pennica et al explain that "[t]he relative WISP gene copy 
number in each colon tumor DNA was compared with pooled normal DNA from 10 donors by 
quantitative PGR" (page 14720, col. 2; emphasis added). Pennica et al further explain that DNA 
was isolated from "the pooled blood of 10 normal human doaors." (page 14718, col. 1). Thus 
Pennica et al used the same control for their gene amplification experiments as that described in 
the instant specification. 

In further examples, Pitti et al (Exhibit F submitted with the Response filed Febmary 2, 
2005), used the same quantitative TaqMan PGR assay described in the specification to study 
gene amplification in lung and colon cancer of DcR3, a decoy receptor for Fas ligand. As 
described, Pitti et al analyzed DNA copy number "in genomic DNA from 35 primary limg and 
colon tiunours, relative to pooled genomic DNA from peripheral blood leukocvtes (PBL) of 10 
healthv donors ." (Page 701, col. 1; emphasis added). The authors also analyzed mRNA 
expression of DcR3 in primary tumor tissue sections and found tumor-specific expression, 
confirming the finding of frequent amplification in tumors, and confirming that the pooled blood 
sample was a valid negative control for the gene amplification experiments. In Bieche et al 
(Exhibit G submitted with the Response filed February 2, 2005), the authors used the quantitative 
TaqMan PGR assay to study gene amplification of myc, ccndl and erbB2 in breast tumors. As 
their negative control, Bieche et al used normal leukocyte DNA derived from a small subset of 
the breast cancer patients (page 663). The authors note that "[t]he resuhs of this study are 
consistent with those reported in the literature" (page 664, col. 2), thus confirming the validity of 
the negative control. Accordingly, the art demonstrates that pooled normal blood samples are 
considered to be a valid negative control for gene amplification experiments of the type described 
in the specification. 
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A prima facie case of lack of utility has not been established 

The Examiner asserts that "the specification provides data showing a very small increase 
in DNA copy number in two different types of tumor tissue (lung and colon). . ..However, there is 
no evidence regarding whether or not PRO 1759 mRNA or polypeptide levels are also increased 
in these cancers." The Examiner further asserts that "what is often seen is a lack of correlation 
between DNA amplification and increased peptide levels." (Page 4 of the instant Office Action). 

In support of these assertions, the Examiner refers to previously cited papers by Pennica 
et al, Haynes et al, Chen et al and Hu et al The Examiner also cites additional papers by 
Madoz-Gurpide et al, Celis et al, Steiner et aL and Feroze-Merzoug et aL in support of the 
assertion that "the state of the art is such that polypeptide levels cannot be accurately predicted 
fi-om mRNA levels." (Page 5 of the instant Office Action). 

Applicants respectfully remind the Examiner that the evidentiary standard to be used 
throughout ex parte examination of a patent application is a preponderance of the totality of the 
. evidence under consideration. Accordingly, Applicants submit that in order to overcome the 
presmnption of truth that an assertion of utility by the applicant enjoys, the Examiner must 
establish that it is more likely than not that one of ordinary skill in the art would doubt the truth 
of the statement of utility. Therefore, it is not legallv required that there be a "necessary** 
correlation between the data presented and the claimed subject matter, such that the amplification 
of everv possible gene inevitablv results in protein over-expression. The law requires only that 
one skilled in the art should accept that such a correlation is more likely than not to exist . 
Applicants respectfully submit that when the proper evidentiary standard is applied, a correlation 
must be acknowledged. 

Applicants respectfully submit that, for the reasons previously set forth in the AppUcants' 
response filed on February 2, 2005, the teachings of Pennica et al are specific to WISP genes, 
and say nothing about the correlation of gene amplification and protein expression in general . 

The Examiner reiterates that Haynes et al. state that "[p]rotein expression levels are not 

predictable from the RNA expression levels." (Page 7 of the instant Office Action). As 

discussed in Applicants' previous Responses, Haynes et al teaches that "there was a general 

trend but no strong correlation between protein [expression] and transcript levels" (Emphasis 
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added). In Figure 1, there is a positive correlation between mRNA and protein amongst most of 
the 80 yeast proteins studied. Thus Haynes et al support Applicants' position that there is a 
general correlation between mRNA and protein expression levels. 

Haynes et al may teach that protein levels cannot be "accurately predicted" from mRNA 
levels in the sense that the exact numerical amounts of protein present in a tissue cannot be 
determined based upon mRNA levels. Applicants respectfully submit that the Office Action's 
emphasis on the need to "accurately predict" protein levels based on mRNA levels misses the 
point. The asserted utility for the claimed polypeptides is in the diagnosis of cancer. What is 
relevant to use as a cancer diagnostic is relative levels of gene or protein expression, not absolute 
values, that is, that the gene or protein is differentially expressed in tumors as compared to 
normal tissues. Applicants need only show that there is a correlation between DNA, mRNA, and 
protein levels, such that gene amplification and mRNA overexpression generally predict protein 
overexpression. A showing that mRNA levels can be used to "accurately predict" the precise 
levels of protein expression is not required . 

The Examiner further cites Feroze-Merzoug et a/., to the effect that a lack of correlation 
between mRNA and protein is evident even in yeast. These conclusions are based upon a 
citation to a paper by Gygi et al (Mol. Cell. Biol. 19:1720-1730 (1999); copy enclosed as Exhibit 
1). Gygi et al, however, clearly teach that "there was a general trend of increased protein levels 
resulting from increased mRNA levels." (Emphasis added. See page 1726, left column, second 
paragraph and Figure 5). Gygi et al further states that the "correlation coefficient for the whole 
data set (106 genes) was 0.935." In addition, Gygi et al state that the correlation coefficient for 
genes where the message level was below 10 copies/cell was 0.356 and for most abundant 
proteins was 0.94. (See page 1726, second paragraph and page 1727, left column, second 
paragraph). Therefore, Gygi et al disclose positive correlations for both lower abundance and 
higher abundance proteins. Gygi et al clearly teach that there is a general trend of increased 
protein levels from increased mRNA levels for all levels of mRNA expression . Thus, again, 
Feroze-Merzoug et al appear to be focusing on "accurately predicting" the precise levels of 
protein expression, which is not required for utility as a cancer diagnostic. 

-11- 

Response to Final Office Action 
(Dated: October 6, 2005 - Paper No./Mail Date 09272005) 
Application Serial No. 10/015,822 
Attorney's Docket No. 39780-2830 P1C38 



Applicants further note that Feroze-Merzoug et al looked specifically at androgen 
regulated genes, which were not necessarily associated with cancer. The expression of these 
genes clearly involves different biological process than in lung or colon tumor development. 
Therefore, even if the teaching of Feroze-Merzoug et al accurately reflects the correlation 
between mRNA and protein for the particular system studied, it does not apply to the lung and 
colon cancer diagnostic assays of the present application. 

The reference by Chen et al, as discussed in Applicants' Response filed July 22, 2005 is 
not applicable to the present application, in part because the Chen paper does not account for 
different expression in different tissues or different stages of cancer. Further, a review of the 
actual data presented in Tables I and n of the Chen paper demonstrates that it is more likely than 
not that protein levels will correlate with mRNA expression levels. Once again, the Examiner 
focuses on statements in the Chen paper to the effect that protein levels cannot be "predicted" 
from mRNA levels, and that mRNA expression pattems are "insufficient for understanding the 
expression of protein products." (Page 8 of the instant Office Action). As discussed above, there 
is no requirement that protein levels be "accurately predicted." 

The same authors in Chen et al, published a later paper. Beer et al, which described gene 
expression of genes in adenocarcinomas and compared that to protein expression. The results 
demonstrate that the authors of the Chen paper agree that microarrays provide a reliable measure 
of the expression levels of the gene and can be used to identify genes whose overexpression is 
associated with tumors. The Examiner asserts that Beer et al is not relevant to the instant 
application because the authors also did additional northern blot and immunohistochemistry 
experiments for three of their identified genes. The Examine asserts that "the specification of the 
instant application does not complement the low (2-fold) PRO 1759 gene expression data with 
any mRNA or protein studies." (Pages 9-10 of the instant Office Action). In support of the role 
of proteomics as a "complementary technology" to DNA microarrays, the Examiner cites 
references by Madoz-Gurpide et al. Cells et al and Steiner et al, in addition to Feroze-Merzoug 
etal 

Applicants respectfiiUy point out that Madoz Gurpide et al state only that is it "unclear" 

how well RNA levels reported correlate with protein levels. In support of this assertion, the 
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authors cite only a single reference, the same paper by Chen et al, previously cited by the 
Examiner, which Applicants have already discussed. Madoz Gurpide et al also acknowledge 
that DNA microarray studies, such as those carried out by Beer et al, specifically cited by the 
authors at page 52, "justify the use of this technology for uncovering pattems of gene expression 
that are clinically informative" (page 53). 

Applicants respectfully submit that while proteomics is indeed a complementary 
technology to DNA microarrays, this does not mean that proteomic experiments are required in 
addition to measurements of mRNA levels to determine protein expression. The cited references 
make clear that proteomic techniques are useful to obtain information beyond expression levels, 
such as the protein's activation state, posttranslational modifications, and subcellular localization. 
For example, Madoz-Gurpide et al explain that mRNA expression alone does not provide 
information regarding "activation state, post-translational modification or localization of 
corresponding proteins" (page 168, col. 1). Cells et al note that "proteomics addresses problems 
that cannot be approached by DNA analysis, namely, relative abundance of the protein product, 
post-translational modification, subcellular localization, tumover, interaction with other proteins 
as well as functional aspects" (page 6, col. 2). 

While this additional information may be useful in elucidating the detailed biological 
function of a protein, it is not required to establish utility of a protein as a marker for cancer. The 
claimed PR01759 polypeptides can be used in cancer diagnosis without any knowledge 
regarding the function or cellular role of the polypeptides. Apphcants submit that the law clearly 
states that "it is not a requirement of patentability that an inventor correctly set forth, or even 
know, how or why the invention works." Newman v. Quigg, 1 1 U.S.P.Q.2d 1340 (Fed. Cir. 
1989). Accordinglv, the disclosure or identification of the mechanism bv which PRO 1759 is 
associated with cancer is not required in order to estabhsh the patentable utility of the claimed 
PRO 1759 polypeptides . Thus while Madoz-Gurpide et al note that it is "more difficuh to 
develop an understanding of disease at a mechanistic level using DNA microarrays," (page 53) 
this is not relevant to Applicants* assertions of utility, since, as discussed above, it is not 
necessary to understand how or why an invention works in order to demonstrate utility. 
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Applicants note that the cited references make clear that proteomic data is useful 
primarily in the areas of drug development, in order to better understand the functional 
mechanisms of the protein target. These considerations are not relevant to use as a cancer 
diagnostic. Thus Steiner et al does not even discuss cancer or diagnostics, but is limited to the 
role of proteomics in drug development and toxicologv testing . Celis et al. explain that 
proteomics is useful in combination with arrays "for the entire process of drug development and 
evaluation." (page 6; col. 1). 

Applicants further submit that significant correlations between gene and protein 
expression are most likely to be observed for genes associated with cancer, since as Celis et al 
note, "transformation resulted in the abnormal expression of normal genes, rather than in the 
expression of new ones" (page 11, col. 1). Accordingly, alterations in gene ampUfication or 
expression are more likely to be associated with altered protein expression in the case of cancer 
than in other cases where DNA microarrays are used (for example, the study of androgen- 
regulated genes described in Feroze-Merzoug et al), because, as explained by CeHs et al, the 
alterations in expression levels of certain normal proteins are part of the process that leads to 
cancer. 

In their discussion of DNA microarrays and proteomics applied to the same samples, 
Celis et al cite Omtofl et al, and note that "in most cases there was a good correlation between 
transcript and protein levels." Celis et al further explain that those few cases which showed 
apparent discrepancies may have been due to other causes, such as post-transcriptional 
processing or degradation of the protein, or the choice of methods used to assess protein 
expression levels. Celis et al also note that the observation that there is often more change in 
mRNAs as compared to the proteins may be due to the fact that current technologies detect 
mainly high abundance proteins, while most of the changes affecting protein levels may involve 
low abundance proteins. Thus the correlation between mRNA and protein levels may be even 
higher than typically observed, given these factors. 

Finally, the Examiner again cites Hu et al in support of the assertion that mRNA 

expression is not correlated with protein expression. AppUcants respectfully submit that Hu et 

al does not conclusively show that it is more likely than not that gene ampUfication does not 
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result in increased expression at the mRNA and polypeptide levels. Applicants respectfully 
submit that Hu et al manipulated various aspects of the input data in order to minimize the false 
positives and negatives in their analysis Applicants further submit that the statistical analysis by 
Hu et al. is not a reliable standard because the frequency of citation only reflects the current 
research interest in a molecule but not the true biological function of the molecule. Finally, the 
conclusion in Hu et al only applies to a specific type of breast tumor (estrogen receptor 
(ER)-positive breast tumor) and can not be generahzed as a principle governing microarray study 
of breast cancer in general, let alone the various other types of cancer genes in general hi fact, 
even Hu et al admit that "[i]t is likely that this threshold will change depending on the disease as 
well as the experiment. Interestingly, the observed correlation was only found among 
ER-positive (breast) tumors not ER-negative txunors." (See page 412, left column). Therefore, 
based on these findings, the authors add, "This may reflect a bias in the literature to study the 
more prevalent type of tumor in the population. Furthermore, this emphasizes that caution must 
be taken when interpreting experiments that may contain subpopulations that behave very 
differently." {Id. \ emphasis added). 

The Examiner asserts that "Applicant is holding Hu et al to a higher standard than their 
own specification, which does not provide proper statistical analysis such as reproducibility, 
standard error rates, etc." (Page 1 1 of the instant Office Action). Applicants note that they do 
not argue that Hu et al lacks reproducibility, standard error rates, etc. for their data, given that 
Hu et al did a literature survey and conducted no actual experiments of their own. Rather, 
Applicants* point is that, given the various biases in selecting the data to be considered, as 
acknowledged by the authors themselves, the collection of data surveyed by Hu et al simply 
does not demonstrate the conclusion the PTO attempts to reach concerning a general lack of 
correlation between microarray data and biological significance. Accordingly, Applicants 
respectfully submit that the Examiner has not shown a lack of correlation between microarray 
data and the biological significance of cancer genes. 

The Patent Office has failed to meet its initial burden of proof that Applicant's claims of 

utility are not substantial or credible. The arguments presented by the Examiner in combination 

with the Pennica, Haynes, Hu, and Chen papers, as well as the Madoz-Gurpide, Steiner, Celis 
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and Feroze-Merzoug papers, do not provide sufficient reasons to doubt the statements by 
Applicants that PRO 1759 has utiHty. As discussed above, the law does not require the existence 
of a "necessary" correlation between mRNA and protein levels. Nor does the law require that 
protein levels be "accurately predicted." According to the authors themselves, the data in the 
above cited references confirm that there is a general trend between protein expression and 
transcript levels, which meets the "more likely than not standard" and show that a positive 
correlation exists between mRNA and protein. Therefore, Applicants submit that the Examiner's 
reasoning is based on a misrepresentation of the scientific data presented in the above cited 
reference and application of an improper, heightened legal standard, hi fact, contrary to what the 
Examiner contends, the art indicates that, if a gene is ampUfied in cancer, it is more likely than 
not that the encoded protein will be expressed at an elevated level. 

It is "more likely than not^* for amplified genes to have increased mRNA and 
protein levels 

AppUcants have submitted ample evidence to show that, in general, if a gene is amphfied 
in cancer, it is more likely than not that the encoded protein will be expressed at an elevated 
level. First, the articles by Omtofl et al, Hyman et al, and Pollack et a/., (made of record in 
Applicants' Response filed February 2, 2005) collectively teach that in general gene 
amplification increases mRNA expression . Second, the Declaration of Dr. Paul Polakis, 
principal investigator of the Tumor Antigen Project of Genentech, hic, the assignee of the 
present apphcation, shows that, in general there is a correlation between mRNA levels and 
polvpeptide levels . Thus, taken together, all of the submitted evidence supports Appellants' 
position that gene amplification is more hkely than not predictive of increased mRNA and 
polypeptide levels. 

The Examiner first asserts that "Hanna et ai clearly show that the skilled artisan does not 
assume that any tumor with a HER-2/neu gene amplification event also overexpressed HER- 
2/neu protein. It is tested empirically." (Page 14 of the instant Office Action). Applicants 
respectfiiUy point out that the Examiner appears to have misread Hanna et aL Hanna et aL 
clearly state that gene amplification (as measured by FISH) and polypeptide expression (as 

-16- 

Response to Final Office Action 
(Dated: October 6, 2005 - Paper No./Mail Date 09272005) 
Application Serial No. 10/015,822 
Attorney's Docket No. 39780-2830 P1C38 



measured by immunohistochemistry, IHC) are well correlated ("in general, FISH and IHC results 
correlate well" (page 1, col. 2)). It is only a subset of tumors which show discordant results. 
Thus Hanna et al support Applicants* position that it is more likely than not that gene 
amplification correlates with increased polypeptide expression. 

Applicants also note that Hanna et al was not cited specifically as evidence that gene 
amplification and protein expression are well correlated, but as evidence that even if gene 
ampHfication does not result in overexpression of the gene product {Le., the protein) an analysis 
of the expression of the protein is useful in determining the course of treatment. The Examiner 
appears to view the testing described in the Ashkenazi Declaration and the Hanna paper as 
experiments involving further characterization of the PRO 1759 polypeptide itself In fact, such 
testing is for the purpose of characterizing not the PR01759 polypeptide, but the tumors in which 
the gene encoding PR01759 is amplified. The PR01759 polypeptide is therefore useful in tumor 
categorization, the results of which become an important tool in the hands of a physician 
enabling the selection of a treatment modality that holds the most promise for the successful 
treatment of a patient. 

The Examiner further asserts that "Omtofl et al. could only compare the levels of about 
40 well-resolved and focused abundant proteins." (Page 16 of the instant Office Action; 
emphasis in original). While technical considerations did prevent Omtoft et al fi-om evaluating a 
larger number of proteins, the ones they did look at showed a clear correlation between mRNA 
and protein expression levels. As Omtoft et al state, "In general there was a highly significant 
correlation (p<0.005) between mRNA and protein alterations.. . . 26 well focused proteins whose 
genes had a known chromosomal location were detected in TCCs 733 and 335, and of these 19 
correlated (p<0.005) with the mRNA changes detected using the arrays." (See page 42, column 2 
to page 34, column 2). Accordingly, Omtofl et al clearly support AppUcants' position that 
proteins expressed by genes that are amplified in tumors are useful as cancer markers. 
AppUcants further note that while Omtoft et al. did not compare cancerous versus non-cancerous 
tissues, they did compare invasive versus benign tumors, thus finding genes that were markers of 
tumor mahgnancy. 
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The Examiner also appears to misunderstand the data presented by Hyman et aL The 
Examiner has asserted that "of the 12,000 transcripts analyzed, a set of 270 was identified in 
which overexpression was attributable to gene amplification." The Examiner concludes that 
"[t]his proportion is approximately 2%; the Examiner maintains that 2% does not provide a 
reasonable expectation that the slight amplification of PR0351 would be correlated with elevated 
levels of mRNA, much less protein." (Page 17 of the instant Office Action). Applicants 
respectfiiUy submit that the Examiner appears to have misinterpreted the results of Hyman et aL 
Hyman et aL chose to do a genome-wide analysis of a large number of genes, most of which, as 
shown in Figure 2, were not amplified . Accordingly, the 2% number is meaningless, as the low 
figure mainly results from the fact that only a small percentage of genes are amplified in the first 
place. The significant figure is not the percentage of genes in the genome that show 
amplification, but the percentage of amplified genes that demonstrate increased mRNA and 
protein expression. 

The Examiner has further asserted that the Hyman reference "found 44% of highly 
amplified genes showing overexpression at the mRNA level, and 10.5% of highly overexpressed 
genes being ampUfied; thus, even at the level of high amplification and high overexpression, the 
two do not correlate." (Page 17 of the instant Office Action). Apphcants submit that the 10.5% 
figure is not relevant to the issue at hand. One of skill in the art would understand that there can 
be more than one cause of overexpression. The issue is not whether overexpression is always, or 
even typically caused by gene amplification, but rather, whether gene ampUfication typically 
leads to overexpression. 

The Examiner's assertion is not consistent with the interpretation Hyman et aL themselves 

place on their data, stating that, "The results illustrate a considerable influence of copy number 

on gene expression patterns." (page 6242. col. 1; emphasis added). Li the more detailed 

discussion of their results, Hyman et aL teach that "[u]p to 44% of the highly ampHfied 

transcripts (CGH ratio, >2.5) were overexpressed (Le.^ belonged to the global upper 7% of 

expression ratios) compared with only 6% for genes with normal copy number." (See page 

6242, col. 1; emphasis added). These details make it clear that Hyman et aL set a hiehlv 

restrictive standard for considering a gene to be overexpressed; yet almost half of all highlv 
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amplified transcripts met even this highly restrictive standard . Therefore, the analysis performed 
by Hyman et al clearly shows that "it is more likely than not" that a gene which is amplified in 
tumor cells will have increased gene expression. 

The Examiner asserts that Omtoft et al, Hyman et al and Pollack et al did not study 
lung or colon cancer. Applicants respectfully note that only one of the references cited by the 
Examiner, Chen et a/., was related to either lung or colon cancer. As discussed above, Tables I 
and n of the Chen paper demonstrates that it is more likely than not that protein levels will 
correlate with mRNA expression levels. 

The Examiner further asserts that Hyman et al. and Pollack et al do not examine protein 
expression. Applicants respectfully submit that the Omtoft et al, Hyman et al and Pollack et al 
references were submitted primarily as evidence that in general gene amplification increases 
mRNA expression . With regard to the correlation between mRNA expression and protein levels, 
Applicants previously submitted a Declaration by Dr. Polakis, principal investigator of the 
Tumor Antigen Project of Genentech, Inc., the assignee of the present apphcation, to show that 
mRNA expression correlates well with protein levels, in general . 

Applicants submit that Dr. Polakis' Declaration is presented to support the position that 
there is a correlation between mRNA levels and polypeptide levels. AppUcants emphasize that 
the opinions expressed in the Polakis Declaration are all based on factual findings. Thus, Dr. 
Polakis explains that in the course of their research using microarray analysis, he and his co- 
workers identified approximately 200 gene transcripts that are present in human tumor cells at 
significantly higher levels than in corresponding normal human cells. Subsequently, antibodies 
binding to about 30 of these tumor antigens were prepared, and mRNA and protein levels were 
compared. In approximately 80% of the cases, the researchers foimd that increases in the level of 
a particular mRNA correlated with changes in the level of protein expressed fi^om that mRNA 
when human tumor cells are compared with their corresponding normal cells. Dr. Polakis' 
statement that "an increased level of mRNA in a tumor cell relative to a normal cell typically 
correlates to a similar increase in abundance of the encoded protein in the tumor cell relative to 
the normal cell" is based on factual, experimental findings, clearly set forth in the Declaration. 

Accordingly, the Declaration is not merely conclusive, and the fact-based conclusions of Dr. 
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Polakis would be considered reasonable and accurate by one skilled in the art. As previously 
discussed, the Utility Examination Guidelines^ state, "Office personnel must accept an opinion 
from a qualified expert that is based upon relevant facts whose accuracy is not being questioned; 
it is improper to disregard the opinion solely because of a disagreement over the significance or 
meaning of the facts offered." 

Taken together, although there are some examples in the scientific art that do not fit 
within the central dogma of molecular biology that there is a correlation between polypeptide and 
mRNA levels, these instances are exceptions rather than the rule. In the maioritv of amplified 
genes , the teachings in the art, as exemplified by Omtoft et al, Hyman et al. Pollack et al, and 
the Polakis Declaration, overwhelmingly show that gene ampUfication influences gene 
expression at the mRNA and protein levels. Therefore, one of skill in the art would reasonably 
expect in this instance, based on the ampUfication data for the PRO 1759 gene, that the PRO 1759 
polypeptide is concomitantly overexpressed. Thus, AppUcants submit that the claimed PRO 1759 
polypeptides have utility in the diagnosis of cancer and based on such a utility, one of skill in the 
art would know exactly how to use the claimed polypeptides for diagnosis of cancer. 

Accordingly, Applicants respectfully request the Examiner to reconsider and withdraw 
the rejections of Claims 28-35 and 38-40 under 35 U.S.C. §101 and 35 U.S.C, §112, first 
paragraph. 

III. Claim Rejections Under 35 U.S.C. SI 12, First Paragraph (Enablement) 

Claims 28-32 and 39-40 additionally remain rejected under 35 U.S.C. §112, first 
paragraph as allegedly lacking enablement for the claimed variant polypeptides having at least 
80-99% identity to SEQ ID NO:374, wherein the nucleic acid encoding the polypeptide is 
amplified in limg or colon tumors. 

Applicants have provided native PR01759 sequence SEQ ID NO:374. The present 
application also describes methods for identifying polynucleotides which are amplified in lung or 
colon tumors. Example 143 of the present application provides detailed protocols and assays for 
gene amplification in lung and colon tumors. By following the disclosure in the specification, 

* Part IIB, 66 Fed. Reg. 1098 (2001), 
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one skilled in the art can easily test whether the gene encoding V variant native sequence 
PRO 1759 polypeptide is ampUfied in lung or colon tumors. The specification further describes 
methods for the determination of percent identity between two amino acid sequences. (See page 
302, line 4 to page 305, line 4). In fact, the specification teaches specific parameters to be 
associated with the term "percent identity" as applied to the present invention. Accordingly, one 
of skill in the art could identify whether the variant PROl 759 native sequence falls within the 
parameters of the claimed invention. Once such an amino acid sequence was identified, the 
specification sets forth methods for making the amino acid sequences (see page 354, line 30 to 
page 358, Hne 34) and methods of preparing the PRO polypeptides (see page 358, hne 35 and 
onward). 

Therefore, Apphcants respectfully submit that one of skill in the art could readily test a 
variant native sequence polypeptide to determine whether the polynucleotide encoding it is 
amplified in limg or colon tumors by the methods set forth in Example 143. Furthermore, one of 
ordinary skill in the art has a sufficiently high level of technical competence to identify sequences 
with at least 80% identity to SEQ ID NO:374. Accordingly, one of ordinary skill could practice 
the claimed invention without undue experimentation. 

The Examiner asserts that "[n]o such variants were made or shown to have activity." 
(Page 21 of the instant Office Action). As discussed in the M.P.E.P. § 2164.08, "[t]he 
specification need not contain an example if the invention is otherwise disclosed in such manner 
that one skilled in the art will be able to practice it without an undue amount of experimentation. 
In re Borkowski, 422 F.2d 904, 908, 164 USPQ 642, 645 (CCPA 1970)." Given that, as 
discussed above, one of ordinary skill in the art could make and use the claimed variant 
sequences without any undue experimentation, there is no requirement that the specification 
provide examples of such variant polypeptides . 

The Examiner asserts that "Applicant has provided little or no guidance beyond the mere 

presentation of sequence data to enable one of ordinary skill in the art to determine, without 

undue experimentation, the positions in the DNA and protein which are tolerant to change." 

(Page 21 of the instant Office Action). To the contrary, the specification provides detailed 

guidance as to changes that may be made to a PRO polypeptide without adversely affecting its 

-21- 

Response to Final Office Action 
(Dated: October 6, 2005 - Paper No./Mail Date 09272005) 
Application Serial No. 10/015,822 
Attorney's Docket No. 39780-2830 P1C38 



activity (page 354, line 30 to page 357, line 7). This guidance includes a listing of exemplary and 
preferred substitutions for each of the twenty naturally occurring amino acids (Table 6, page 
356). Further, it is the activity of the encoding polynucleotide , not the polypeptide, that is recited 
in the claims. Thus considerations of sequences in the polypeptide sequence that are "critical to 
the protein's structure function relationship" are not relevant. 

The claims currently recite polypeptide sequences associated with a biological activity of 
the encoding polynucleotides. This biological activity together with the well defined relatively 
high degree of sequence identity and general knowledge in the art at the time the invention was 
made, sufficiently defines the claimed genus such that, one skilled in the art, at the effective date 
of the present application, would have known how to make and use the claimed polypeptide 
sequences without undue experimentation. As the M.P.E.P. states, "[t]he fact that 
experimentation may be complex does not necessarily make it xmdue, if the art typically engages 
in such experimentation."^ 

As discussed above, a considerable amount of experimentation is permissible, if it is 
merely routine. Applicants submit that the identification of variant native sequence PRO 1759 
polypeptides having at least 80% identity to SEQ ID NO:374 wherein the polynucleotide 
encoding the polypeptide is amplified in lung or colon tumors, can be performed by techniques 
that were well known in the art at the priority date of this application, and that the performance of 
such work does not require undue experimentation. 

For the above-noted reasons. Applicants respectfully request the Examiner to reconsider 
and withdraw the enablement rejection of Claims 28-32 and 39-40 under35 U.S.C. §1 12, first 
paragraph. 

IV. Claim Rejections Under 35 U.S.C. S112, First Paragraph rWritten Description) 

Claims 28-32 and 38-40 remain rejected under 35 USC 1 12, first paragraph, as allegedly 
lacking adequate written description for the claimed variant polypeptides having at least 80-99% 



^ M.P.E.P. §2164.01 citing In re Certain Limited-charge Cell Culture Microcarriers, 111 U.S.P.Q. 1 165, 
1 174 (Intl Trade Common 1983), aff sub nom. Massachusetts Institute of Technology vA.B. Fortia, 11 A F 2d 1 104, 
227 U.S.P.Q. 428 (Fed. Cir. 1985). 
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identity to SEQ ID NO:374, wherein the nucleic acid encoding the polypeptide is amplified in 
lung or colon tumors. 

Applicants respectfully submit that the instant specification evidences the actual 
reduction to practice of a full-length PRO 1759 polypeptide of SEQ ID NO:374, with or without 
its signal peptide sequence. The Examiner has previously acknowledged that a polypeptide 
comprising the sequence set forth in SEQ ID NO:354 meets the written description provision of 
35 U.S.C. §112, first paragraph. Thus, the genus of native sequence polypeptides with at least 
80% sequence identity to SEQ ID NO:374, which possess the functional property that the nucleic 
acid encoding the polypeptide is ampUfied in lung and colon tumors, would meet the requirement 
of 35 U.S.C. §112, first paragraph, as providing adequate written description. 

The specification describes methods for the determination of percent identity between 
two amino acid sequences. (See page 302, line 4 to page 305, line 4). In fact, the specification 
teaches specific parameters to be associated with the term "percent identity" as applied to the 
present invention. The specification further provides detailed guidance as to changes that may be 
made to a PRO polypeptide without adversely affecting its activity (page 354, line 30 to page 
357, line 7). This guidance includes a listing of exemplary and preferred substitutions for each of 
the twenty naturally occurring amino acids (Table 6, page 356), The specification describes 
methods for one of ordinary skill in the art to identify polypeptides having at least 80% identity 
to SEQ ID NO: 3 74 wherein the nucleic acid encoding the polypeptide is amplified in lung and 
colon tumors. Example 143 of the present application provides step-by-step guidelines and 
protocols for the gene amplification assay. Thus one of ordinary skill in the art would have 
understood at the time of filing what was encompassed by the claims. 

The Examiner asserts that "the skilled artisan cannot envision the detailed chemical 
structure of an encompassed polypeptide, and therefore conception is not achieved until 
reduction to practice has occurred, regardless of the complexity or simphcity of the method of 
isolation" (Page 23 of the instant Office Action; emphasis in original). In support of this 
assertion, the Examiner cites the cases of Fiers v. Revel and Amgen v. Chugai. (Page 23 of the 
instant Office Action). 
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Applicants submit that Fiers v. Revel and Amgen v. Chugai addressed conception and the 
written description requirement in the context of DNA-related inventions. The Amgen court held 
that conception of a DNA invention "has not been achieved until reduction to practice has 
occurred, /.e., until after the gene has been isolated." 927 F.2d 1200 (Fed. Cir.), cert, denied, 502 
U.S. 856 (1991), at 1206. The Fiers court extended this decision into the written description 
arena, holding that "[i]f a conception of a DNA requires a precise definition, such as by structure, 
formula, chemical name, or physical properties, as we have held, then a description also requires 
that degree of specificity." Fiers, 984 F.2d at 1 171. Since the instant claims are directed to 
polvpeptides . Fiers and Amgen are distinguished on the facts and do not apply. 

More recently, in £wzo5/oc/jem.,7«c. v. Genprobe, Inc. 296 F.3d 1316 (Fed. Cir. 2002), 
the court adopted the standard that "the written description requirement can be met by 'showing 
that the invention is complete by disclosure of sufficiently detailed, relevant identifying 
characteristics, . . . i.e., complete or partial structure, other physical and/or chemical properties, 
functional characteristics when coupled with a known or disclosed correlation between function 
and structure, or some combination of such characteristics." Id. at 1324. While the invention in 
Enzo was still a DNA, the holding has been treated as being applicable to proteins as well. 
Indeed, the court adopted the standard from the USPTO's Written Description Examination 
Guidelines, which apply to both proteins and nucleic acids. 

Accordingly, current applicable case law holds that biological sequences are not 
adequately described solely by a description of their desired functional activities. The instant 
claims meet the standard set bv the Enzo court in that the claimed sequences are defined not onlv 
by functional properties, but also by structural limitations. It is well established that a 
combination of functional and structural features may suffice to describe a claimed genus. "An 
applicant may also show that an invention is complete by disclosure of sufficiently detailed, 
relevant identifying characteristics which provide evidence that applicant was in possession of 
the claimed invention, i.e., complete or partial structure, other physical and/or chemical 
properties, functional characteristics when coupled with a known or disclosed correlation 
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between function and structure, or some combination of such characteristics." As discussed 
above, Applicants have recited structural features, namely, 80% sequence identity to SEQ ID 
NO:374, which are common to the genus. The genus of claimed polypeptides is further defined 
by having a specific activity for the encoding nucleic acid, wherein the nucleic acid encoding the 
polypeptide is amplified in lung and colon tumors. Accordingly, a description of the claimed 
genus has been achieved. 

This particular combination of functional activitv and structural homology, as disclosed 
in the specification, has been recognized by the USPTO as sufficient to describe a claimed genus 
of polypeptides . The Examiner's attention is respectfully directed to Example 14 of the Synopsis 
of AppUcation of Written Description Guidelines issued by the U.S. Patent Office, which clearly 
states that protein variants meet the requirements of 35 U.S.C. §112, first paragraph, as providing 
adequate written description for the claimed invention even if the specification contemplates but 
does not exemplify variants of the protein if (1) the procedures for making such variant proteins 
are routine in the art, (2) the specification provides an assay for detecting the functional activity 
of the protein and (3) the variant proteins possess the specified functional activity and at least 
95% sequence identity to the reference sequence. 

As discussed above, the procedures for making the claimed variant polypeptides are well 
known in the art and described in the specification. The specification also provides an assay, 
shown in Example 143, for detecting the recited functional activity of the nucleic acids encoding 
the variant polypeptides. Finally, the claimed variant polypeptides possess both the specified 
functional activity and a defined degree of sequence identity to the reference sequence, SEQ ID 
NO:374. Accordingly, the claimed polypeptide variants meet the standards set forth in the 
Written Description Guidelines . 

Thus the specification provides adequate written description for polypeptides having at 
least 80% identity to SEQ ID NO: 3 74 wherein the nucleic acid encoding the polypeptide is 
amplified in lung and colon tumors. Applicants therefore respectfully request that the Examiner 



^ M.P.E.P.§2163n(A)(3)(a) 
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reconsider and withdraw the written description rejection of Claims 28-32 and 39-40 under 35 
U.S.C. §1 12, first paragraph. 
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CONCLUSION 

All claims pending in the present application are believed to be in prima facie condition 
for allowance, and an early action to that effect is respectfully soUcited. 

Please charge any additional fees, including any fees for additional extension of time, or 
credit overpayment to Deposit Account No. 08-1641, referencing Attorney's Docket No. 39780- 
2830P1C38). Please direct any calls in connection with this application to the undersigned at the 
number provided below. 

Respectfully submitted, 

Date: November 30, 2005 By: f^^'^-^ 

Barrie D. Greene (Reg. No. 46,740) 

HELLER EHRMAN LLP 

275 Middlefield Road 
Menlo Park, California 94025-3506 
Telephone: (650) 324-7000 
Facsimile: (650) 324-0638 

SV 2167252 vl 
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We have determined the relationship between mRNA and protein expression levels for selected genes 
expressed in the yeast Saccharomyces cerevisiae growing at mid-log phase. The proteins contained in total yeast 
cell lysate were separated by high-resolution two-dimensional (2D) gel electrophoresis. Over 150 protein spots 
were excised and identified by capillaiy liquid chromatography-tandem mass spectronietiy (LC-MS/MS). 
Protein spots were quantified by metabolic labeling and scintillation counting. Conresponding mRNA levels 
were calculated from serial analysis of gene expression (SAGE) frequency tables (V. E. Velculescu, L. Zhang, 
W. Zhou, J. Vogelstein, M. A- Basrai, D. E. Bassett, Jr., P. Hieter, B. Vogelstein, and IL W, Kinzler, Cell 
88:243-251, 1997). We found that the correlation between mRNA and protein levels was insufficient to predict 
protein expression levels from quantitative mRNA data. Indeed, for some genes, while the mRNA levels were 
of the same value the protein levels varied by more than 20-foId. Conversely, invariant steady-state levels of 
certain proteins were observed with respective mRNA transcript levels that varied by as much as 30-fold. 
Another interesting observation is that codon bias is not a predictor of either protein or mRNA levels. Our 
results clearly delineate the technical boundaries of current approaches for quantitative analysis of protein 
expression and reveal that simple deduction from mRNA transcript analysis is insufficient 



The description of the state of a biological system by the 
quantitative measurement of the system constituents is an es- 
sential but largely unexplored area of biology. With recent 
technical advances including the development of differential 
display-PCR (21), of cDNA microarray and DNA chip tech- 
nology (20, 27), and of serial analysis of gene expression 
(SAGE) (34, 35), it is now feasible to establish global and 
quantitative mRNA expression profiles of cells and tissues in 
species for which the sequence of all the genes is known. 
However, there is emerging evidence which suggests that 
mRNA expression patterns are necessary but are by them- 
selves insufficient for the quantitative description of biological 
systems. This evidence includes discoveries of posttranscrip- 
tional mechanisms controlling the protein translation rate (15), 
the half-lives of specific proteins or mRNAs (33), and the 
intracellular location and molecular association of the protein 
products of expressed genes (32). 

Proteome analysis, defined as the analysis of the protein 
complement expressed by a genome (26), has been suggested 
as an approach to the quantitative description of the state of a 
biological system by the quantitative analysis of protein expres- 
sion profiles (36). Proteome analysis is conceptually attractive 
because of its potential to determine properties of biological 
systems that are not apparent by DNA or mRNA sequence 
analysis alone. Such properties include the quantity of protein 
expression, the subcellular location, the state of modificatiori, 
and the association with ligands, as well as the rate of change 
with time of such properties. Jn contrast to the genomes of a 
number of microorganisms (for a review, see reference 11) and 
the transcriptome oi Saccharomyces cerevisiae (35), which have 
been entirely detennined, no proteome map has been com- 
pleted to date. 

The most common implementation of proteome analysis is 
the combination of two-dimensional gel electrophpresis (2DE) 
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(isoelectric focusing-sodium dodecyl sulfate [SDS]-polyaciyl- 
amide gel electrophoresis) for the separation and quantitation 
of proteins with analytical methods for their identification. 
2DE permits the separation, visualization, and quantitation of 
thousands of proteins reproducibly on a single gel (18, 24). By 
itself, 2DE is strictly a descriptive technique. The combination 
of 2DE with protein analytical techniques has added the pos- 
sibility of establishing the identities of separated proteins (1, 2) 
and thus, in combination with quantitative mRNA analysis, of 
correlating quantitative protein and mRNA expression mea- 
surements of selected genes. 

The recent introduction of mass spectrometric protein anal- 
ysis techniques has dramatically enhanced the throughput and 
sensitivity of protein identification to a level which now permits 
the large-scale analysis of proteins separated by 2DE. The 
techniques have reached a level of sensitivity that permits the 
identification of essentially any protein that is detectable in the 
gels by conventional protein staining (9, 29). Current protein 
analytical technology is based on the mass spectrometric gen- 
eration of peptide fragment patterns that are idiotypic for the 
sequence of a protein. Protein identity is established by corre- 
lating such fragment patterns with sequence databases (10, 22, 
37). Sophisticated computer software (8) has automated the 
entire process such that proteins are routinely identified with 
no human interpretation of peptide fragment patterns. 

In this study, we have analyzed the mRNA and protein levels 
of a group of genes expressed in exponentially growing cells of 
the yeast S. cerevisiae. Protein expression levels were quantified 
by metabolic labeling of the yeast proteins to a steady state, 
followed by 2DE and liquid scintillation counting of the se- 
lected, separated protein species. Separated proteins were 
identified by in-gel tryptic digestion of spots with subsequent 
analysis by microspray liquid chromatography-tandem mass 
spectrometry (LC-MS/MS) and sequence database searching. 
The corresponding mRNA transcript levels were calculated 
from SAGE frequency tables (35). 

This study, for the first time, explores a quantitative com- 
parison of mRNA transcript and protein expression levels for 
a relatively large number of genes expressed in the same met- 
abolic state. The resultant correlation is insufiicient for predic- 
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FIG, 1. Schematic illustration of proteome analysis by 2DE and mass spectrometry. In part I, proteins are separated by 2DE, stained spots are excised and subjected 
to in-gel digestion with trypsin, and the resulting peptides are separated by on-line capillary high-performance liquid chromatography. In part II, a peptide is shown 
eluting from the column in part I. The peptide is ionized by electrospray ionization and enters the mass spectrometer. The mass of the ionized peptide is detected, and 
the first quadrupole mass filter allows only the specihc mass-to-charge ratio of the selected peptide ton to pass into the collision cell. In the collision cell, the energized, 
ionized peptides collide with neutral argon gas molecules. Fragmentation of the peptide is essentially random but occurs mainly at the peptide bonds, resulting in smaller 
peptides of differing lengths (masses). These peptide fragments are detected as a tandem mass (MS/MS) spectrum in the third quadrupole mass filter where two ion 
series are recorded simuTtaneouslyj one each from sequencing inward from the N and G termini of the peptide, respectively. In part III, the MS/MS spectrum from the 
selected, ionized peptide is compared to predicted tandem mass spectra computer generated from a sequence database. Provided that the peptide sequence exists in 
the database, the peptide and, by association, the protein from which the peptide was derived can be identified. Unambiguous protein identification is attained in a single 
analysis because multiple peptides are identified as being derived from the same protein. 



tion of protein levels from mRNA transcript levels. We have 
also compared the relative amounts of protein and mRNA 
with the respective codon bias values for the corresponding 
genes. This comparison indicates that codon bias by itself is 
insufficient to accurately predict either the mRNA or the pro- 
tein expression levels of a gene. In addition, the results dem- 
onstrate that only highly expressed proteins are detectable by 
2DE separation of total cell lysates and that therefore the 
construction of complete proteome maps with current technol- 
ogy will be veiy challenging, irrespective of the type of organ- 
ism. 

MATERIALS AND METHODS 

Yeast strain and growth conditions. The source of protein and message tran- 
scripts for ail experiments was YPH499 {MATa ura3-52 lys2-80} ade2-10l 
leu2'i^l his3-Ci200 (30). Logarithmically growing cells were obtained by 

growing yeast cells to early log phase (3 x lO'' cells/ml) in YPD rich medium 
(YPD supplemented with 6 mM uracil, 4.8 mM adenine, and 24 mM tryptophan) 
at 30*C (35). Metabolic labeling of protein was accomplished in YPD medium 



exactly as described elsewhere (4) with the exception that 1 ml of cells was 
labeled with 3 mCi to oflf^set methionine present in YPD medium. Protein was 
harvested as described by Garrcls and coworkers (12). Harvested protein was 
lyophilized, resuspended in isoelectric focusing gel rehydration solution, and 
stored at -SO^C. 

2DE. Soluble proteins were run in the first dimension by using a commercial 
flatbed electrophoresis system (Multiphor .II; Pharmacia Biotech). Immobilized 
polyacrylamide gel (IPG) dry strips with nonlinear pH 3.0 to 10.0 gradients 
(Amersham-Pharmacia Biotech) were used for the first-dimension separation. 
Forty micrograms of protein from whole-cell lysates was mixed with IPG strip 
rehydration buffer (8 M urea, 2% Nohidet P-40, 10 mM dithiothrcitol), and 250 
to 380 p.1 of solution was added to individual lanes of an IPG strip rehydration 
tray (Amersham-Pharmacia Biotech). The strips were allowed to rehydrate at 
room temperature for 1 h. The samples were run at 300 V~10 mA-5 W for 2 h, 
then ramped to 3^00 V-lO mA-5 W over a period of 3 h, and then kept at 3,500 
V~10 mA-5 W for 15 to 19 h. At the end of the first-dimension run (60 to 70 kV • 
h), the IPG strips were rcequilibrated for 8 min in 2% (wtA'ol) dithiothrcitol in 
2% (wt/vol) SDS-6 M urea-30% (wt/vol) glycerol-0.05 M Tris HCl (pH 6.8) and 
for 4 min in 2.5% iodoacctamide in 2% (wtA'ol) SDS-6 M urea-30% (wt/vol) 
glyceroI-0.05 M Tris HCl (pH 6.8). Following reequilibration, the strips were 
transferred and apposed to 10% polyacrylamide second-dimension gels. Poly- 
acrylamide gels were poured in a casting stand with 10% acrylamide'-2.67% 
piperazine diaciylamide-4).375 M Tris base-HQ (pH 8.8)-0.1% (wt/vol) SDS-0.05% 
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FIG. 2. 2D silver-stained gel of the proteins in yeast total cell lysate. Proteins were separated in the first dimension (horizontal) by isoelectric focusing and then in 
the second dimension (vertical) by molecular weight sieving. Protein spots (156) were chosen to include the entire range of molecular weights, isoelectric focusing points, 
and staining intensities. Spots were excised, and the corresponding protein was identified by mass spectrometiy and database searching. The spots are labeled on the 
gel and correspond to the data presented in Table 1. Molecular weights are given in thousands. 



(wt/vol) ammonium persulfate-0.05% TEMED (A(,A^A'A'-tctramethylcthyl- 
enediamine) in Milli-Q water. The apparatus used to. run second-dimension gels 

was a noncommercial apparatus from Oxford Glycosciences, Inc. Once the IPG 
strips were apposed to the second-dimension gels, they were immediately run at 
50 mA (constant)'-500 V-^5 W for 20 min, followed by 200 mA (constant)-500 
V-S5 W until the buffer front line was 10 to 15 mm from the bottom of the gel. 
Gels were removed and silver stained according to the procedure of Shevchenko 
el al. (29). 

Protein identification. Gels were exposed to X-ray film overnight, and then the 
silver staining and film were used to excise 156 spots of varying intensities, 
molecular weights, and isoelectric focusing points. In order to increase the 
detection limit by mass spectrometry, spots were cut out and pooled from up to 
four identical cold, silver-stained gels. In-gel tryptic digests of pooled spots were 
performed as described previously (29). Tryptic peptides were analyzed by mi- 
crocapillary LC-MS with automated switching to MS/MS mode for peptide 
fragmentation. Spectra were searched against the composite OWL protein se- 
quence database (version 30.2; 250pl4 protein sequences) (24a) by using the 
computer program Sequest (8), which matches theoretical and acquired tandem 
mass spectra. A protein match was determined by comparing the number of 
peptides identified and their respective cross-correlation scores. All protein 
identifications were verified by comparison with theoretical molecular weights 
and isoelectric points. 



mRNA quantitation. Velculescu and coworkers have previously generated 
frequency tables for yeast mRNA transcripts from the same strain grown under 
the same stated conditions as described herein (35). The SAGE technology is 
based on two main principles. First, a short sequence tag (15 bp) that contains 
sufficient information uniquely to identify a transcript is generated. A single tag 
is usually generated from each mRNA transcript in the cell which corresponds to 
15 bp at the 3 '-most cutting site for Mai 11. Second, many transcript tags can be 
concatenated into a single molecule and then sequenced, revealing the identity of 
multiple tags simultaneously. Over 20,000 transcripts were sequenced from yeast 
strain YPH499 growing at mid-log phase on glucose. Assuming the previously 
derived estimate of 15,000 mRNA molecules per cell (16), this would represent 
a 1.3-fold coverage even for mRNA molecules present at a single copy per cell 
and would provide a 72% probability of detecting such transcripts. Computer 
software which took for input the gene detected, examined the nucleotide se- 
quence, and performed the calculation as described by Velculescu and coworkers 
(35) was written. In practice, we found that for 21 of 128 (16%) genes examined 
viable mRNA levels from SAGE data could not be calculated. This was because 
(i) no CATG site was found in the open reading frame (ORF), (ii) a CATG site 
was found but the corresponding 10-bp putative SAGE tag was not found in the 
frequeiicy tables, or (iii) identical putative SAGE tags were present for multiple 
genes (e.g., TDH2^ YEAST and TDH3_YEAST). 
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TABLE 1. Expressed genes identified from 2D gel in Fig. 2 TABLE \-<:ontinued 



Mol wt 


Pl 


„ YPD gene 


ProieiA 
(ibundcince 

f lO^ conip<;/ 

cell) 


mRNA 
abundance 
(copies/cell) 


Codon 


17,259 


6.75 


133 


CPRl 


15.2 


61.7 


0.769 


18,702 


4.80 


83 


EGD2 


20.1 


5.2 


0.724 


18,726 


4.44 


147 


YKL056C 


61.2 


88.4 


0.831 


18,978 


5.95 


135 


YER067W 


3.7 


6.7 


0.118 


19,108 


5.04 


130 


YLR109W 


94.4 


9.7 


0.680 


19,681 


9.08 


136 


ATP7 


11.0 


NA^*^ 


0.246 


20,505 


6.07 


111 


GUKl 


16.5 


3.7 


0.422 


21,444 


5.25 


148 


SARI ) 


5.4 


10.4 


0.455 


21,583 


4.98 


95 


TSAl 


110.6 


40.1 


0.845 


22,602 


4.30 


80 


EFBl 


66.1 


23.8 


0.875 


23,079 


6,29 


112 


S0D2 


12.6 


2.2 


0.351 


23,743 


5.44 


137 


HSP26 


NA^ 


0.7 


0.434 


24,033 


5.97 


96 


ADKl 


17.4 


16.4 


0.656 


24,058 


4.43 


143 


YKL117W 


29.2 


10.4 


0.339 


24,353 


6.30 


140 


TFSl 


8.1 


0.7 


0.146 


24,662 


5.85 


99 


URA5 


25.4 


6.0 


0.359 


24,808 


6.33 


97 


GSPl 


26.3 


5.2 


0.735 


24,908 


8.73 


122 


RPS5 


18.6 


NA*^ 


0.899 


25,081 


4.65 


81 


MRP8 


9.3 


NA*^ 


0.241 


25,960 


6.06 


116 


RPEl 


5.8 


0.7 


0.372 


26378 


9.55 


127 


RPS3 


96.8 


NA*^ 


0.863 


26,467 


5.18 


100 


VMA4 


10.5 


3.7 


0.427 


26,661 


5.84 


98 


TPIl 


NA** 


NA*^ 


0.900 


27,156 


5.56 


93 


PRE8 


6.9 


0.7 


0.129 


27,334 


6.13 


115 


YHR049W 


18.4 


2.2 


0.520 


27,472 


5.33 


92 


YNLOIOW 


31.6 


3.7 


0.421 


27,480 


8.95 


123 


GPMl 


10.0 


169.4 


0.902 


27,480 


8.95 


124 


gpmI 


231.4 


169.4 


0.902 


27,480 


8.95 


125 


• GPMl 


7.5 


169.4 


0.902 


27.809 


5.97 


139 


H0R2 


5.7 


0.7 


0.381 


27,874 


4.46 


78 


YSTl. 


13.6 


52.8 


0.805 


28,595 


4,51 


41 


PUP2 


4.4 


0.7 


0.147 


29,156 


6.59 


114 


YMR226C 


14.5 


2,2 


0.283 


29,244 


8.40 


120 


DPMI 


5.0 


11.2 


0.362 


29,443 


5.91 


48 


PRE4 


3.4 


3.7 


0.162 


30,012 


6.39 


138 


PRBl 


21.2 


1.5 


0.449 


30,073 


4,63 


77 


BMHl 


14.7 


28.2 


0.454 


30,296 


7.94 


121 


0MP2 


67.4 


41.6 


0.499 


30,435 


6.34 


89 


GPPl 


70.2 


11.2 


0.703 


31,332 


5.57 


88 


1LV6 


13.9 


3.0 


0.402 


32,159 


5.46 


113 


IPPl 


63.1 


3.7 


0.752 


32,263 


6.00 


149 


HISl 


22.4 


4.5 


0.232 


33,311 


5.35 


84 


SPE3 


15.1 


6.7 


0.468 


34,465 


5.60 


129 


ADEl 


8,7 


5.2 


0,305 


34,762 


5.32 


85 


SEC14 


10.9 


6.0 


0.373 


34,797 


5,85 


42 


URAl 


49.5 


8.9 


0.237 


34,799 


6.04 


90 


BELl 


103.2 


81.0 


0-875 


35,556 


5.97 


43 


YDL124W 


6.4 


4.5 


0.206 


35,619 


8.41 


59 


TDHl 


69.8 


32.r 


0.940 


35,650 


5.49 


68 


CARl 


5.2 


3.0 


0.339 


35,712 


6,72 


117 


TDH2 


49.6 


473.0^ 


0.982 


35,712 


6.72 


154 


TDH2 


863.5 


473.0" 


0.982 


35,712 


6.72 


155 


TDH2 


79.4 


473.0" 


0.982 


36,272 


4.85 


128 


APAl 


8.7 


0.7 


0-425 


36,358 


5.05 


75 


YJR105W 


17-6 


17.1 


0.522 


36,358 


5.05 


76 


YJR105W 


27.5 


17.1 


0-522 


36,596 


6.37 


79 


ADH2 


58.9 


260,0" 


0.711 


36,714 


6.30 


102 


ADHl 


746.1 


260.0 


0-913 


36.714 


6.30 


103 


ADHl 


17.6 


260.0 


0.913 


36,714 


6.30 


104 


ADHl 


61.4 


260.0 


0.913 


36,714 


6.30 


105 


ADHl 


52.7 


260.0 


0.913 


37,033 


6.23 


44 


TALI 


44.8 


3.7 


0.701 


37,796 


7.36 


57 


IDH2 


29.4 


6.7 


0.330 


37,886 


6.49 


106 


ILV5 


76.0 


4.5 


0.892 


38,700 


7.83 


55 


BATl 


30.9 


11.2 


0.469 


38,702 


6.24 


46 


QCR2 


NA** 


2.2 


0.326 



Mol wt 




Spot no. 


YPD gene 
name!" 


Protein 
abundance 
(iir copies/ 
cell) 


mRNA 
abundance 
(copies/cell) 


Codon 
bias 


39,477 


5.58 


86 


FBAl 


17.8 


183.6 


0.935 


39,477 


5.58 


87 


FBAl 


. 427.2 


183.6 


0.935 


39,540 


6.50 


150 


H0M2 


.60.3 


4.5 


0.592 


39,561 


6.12 


156 


PSAl 


96.4 


27.5 


0.718 


41,158 


6.01 


49 


YNL134C 


14.9 


1.5 


0.316 


41,623 


7.18 


58 


BAT2 


19.0 


8.9 


0.250 


41.728 


7.29 


110 


ERGIO 


24.1 


4.5 


0.543 


41,900 


5.42 


74 


TOM40 


22.3 


2.2 


0.375 


42,402 


6.29 


45 


CYS3 


6.7 


8.9 


0.621 


42,883 


5.63 


67 


DYSl 


15.8 


5.2 


0.526 


43,409 


6.31 


107 


SERl 


10.5 


1.5 


0.292 


43,421 


5.59 


91 


ERG6 


2.2 


14.1 


0.408 


44,174 


7.32 


56 


YBR025C 


13.1 


6.0 


0.684 


44,682 


4.99 


. 72 


TIFl 


2.9 


39.4 


0.834 


44,707 


7.77 


108 


PGKl 


23.7 


165.7 


0.897 


44,707 


7.77 


109 


PGKl 


315.2 


165.7 


0.897 


46,080 


6.72 


30 


CAR2 


15.4 


NA*^ 


0.495 


46383 


8.52 


53 


IDPl 


7.7 


0.7 


0.436 


46^53 


5.98 


47 


IDP2 


3Z4 


NA* 


0.197 


46,679 


6.39 


50 


ENOl 


35.4 


0.7 


0.930 


46,679 


6.39 


51 


ENOl 


6.6 


0.7 


0.930 


46,679 


6.39 


52 


ENOl 


Z2 


0.7 


0.930 


46,773 


5.82 


63 




15.5 


289.1 


0.960 


46,773 


5.82 


64 


EN02 


635.5 


289.1 


0.960 


46,773 


5.82 


65 


EN02 


93.0 


289.1 


0.960 


46,773 


5.82 


66 


EN02 


31.0 


289.1 


0.960 


47,402 


6.09 


126 


CORl 


2.5 


0,7 


0.422 


47,666 


8.98 


54 


AAT2 


11.7 


6.0 


0.338 


48,364 


5.25 


73 


WTMl 


74.5 


13.4 


0.365 


48,530 


6.20 


61 


MET17 


38.1 . 


29.0 


0.576 


48,904 


5-18 


69 


LYS9 


16.2 


3.7 


0.463 


48,987 


4.90 


153 


SUP45 


29.6 


11.9 


0.377 


49,727 


5.47 


70 


PR02 


13.6 


5,2 


0.297 


49,912 


9.27 


62 


TEF2 


558.5 


282.0 


0.932 


50,444 


5.67 


35 


YDR190C 


4.8 


2.2 


0.228 


50,837 


6.11 


32 


YEL047C 


3.8 


1.5 


0.387 


50,891 


4.59 


151 


TUB2 


11.2 


7.4 


0.404 


51,547 


6.80 


27 


LPDl 


18.9 


2-2 


0.351 


52,216 


7.25 


29 


SHM2 


19.7 


7.4 


0.722 


52,859 


5.54 


37 


YFR044C 


30.2 


6.7 


0-442 


53,798 


5.19 


71 


HXK2 


26.5 


7-4 


0.756 


53,803 


6.05 


145 


GYP6 


4.4 


0-7 


0-147 


54,403 


5.29 


39 


ALD6 


37.7 


2.2 


0-664 


54,403 


5.29 


40 


ALD6 


6.6 


2.2 


0.664 


54,502 


6.20 


31 


ADE13 


6.3 


1.5 


0.417 


54,543 


7.75 


25 


PYKl 


225.3 


101.8 


0.965 


54443 


7.75 


26 


PYKl 


39.8 


101.8 


0.965 


55,221 


6.66 


146 


YEL071W 


16.3 


3.0 


0.244 


55,295 


4,35 


134 


PDIl 


66.2 


14.1 


0.589 


55,364 


5.98 


24 


GLKl 


22.6 


6.0 


0.237 


55,481 


7,97 


118 


ATPl 


21.6 


2.2 


0.637 


55,886 


6.47 


28 


CYS4 


22.2 


NA" 


0.444 


56,167 


5.83 


33 


AR08 


14.3 


3.0 


0.324 


56,167 


5.83 


34 


AR08 


9.1 


3.0 


0.324 


56,584 


6-36 


20 


CYB2 


18,9 


NA" 


0.259 


57,366 


5.53 


60 


FRS2 


2.3 


0.7 


0.451 


57,383 


5.98 


144 


ZWFl 


5.6 


0.7 


0.215 


57,464 


5.49 


36 


THR4 


21.4 


3.7 


0.508 


57,512 


5,50 


7 


SRV2 


6.5 


NA" 


0.260 


57,727 


4.92 


152 


VMA2 


33.7 


8.9 


0.546 


58.573 


6.47 


17 


ACHl 


4.4 


1.5 


0.327 


58,573 


6.47 


18 


ACHl 


5.4 


1.5 


0.327 


61,353 


5,87 


21 


PDCl 


6.5 


200,7 


0.962 


61,353 


5.87 


22 


PDCl 


303.2 


200.7 


0,962 


6I353 


5.87 


23 


PDCl 


16.3 


200.7 


0.962 


61,649 


5J4 


38 


CCT8 


2.2 


1.5 


0.271 
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TABLE \~Continued 



Molwt 




Spot no. 


YPD gene 
name^ 


Protein 
abundance 
\\\r copies/ 
ecu J 


mRNA 
abundance 
(copies/cell) 


Codon 
bias 


61,902 


6.21 


101 


PDC5 


4.3 


NA^ 


0.828 


62,266 


6.19 


16 


•ICLl 


20.1 


NA^ 


0.327 


62,862' 


8.02 


19 


ILV3 


5.3 


4.5 


0.548 


63,082' 


6.40 


119 


PGM2 


2.2 


3.0 


0.402 


64,335 


5.77 


5 


PABl 


30.4 


1.5 


0.616 


66,120 


5.42 


8 


STIl 


6.7 


0.7 


0.313 


66,120 


5.42 


9 


STIl 


6.4 


0.7 


0.313 


66,450 


5.29 


141 


SSB2 


7.0 


NA^ 


0.880 


66,450 


5.29 


142 


SSB2 


2.3 


NA*^ 


0.880 


66,456 


5.23 


10 


SSBl 


64.5 


79.5 


0.907 


66,456 


5.23 


11 


SSBl 


59.0 


79.5 


0.907 


66,456 


5.23 


12 


SSBl 


13.7 


79.5 


0.907 


68,397 


5.82 


82 


LEU4 


3,1 


3.0 


0.407 


69,313 


4.90 


13 


SSA2 


24.3 


18.6 


0.892 


69,313 


4.90 


14 


SSA2 


77.1 


18.6 


0.892 


74,378 


8.46 


15 


YKU)29C 


2.8 


3.7 


0.353 


75.396 


5.82 


•6 


GRSl 


5.5 


7.4 . 


0.500 


85,720 


6.25 ' 


1 


MET6 


2.0 


NA*^ • 


0.772 


85.720 


6.25 


2 


MET6 


10.9 


NA*^ 


0.772 


85,720 


6.25 


3 


MET6 


1.4 


NA*^ 


0.772 


93,276 


6.11 


131 


EFTl 


17.9 


41.6 


0.890 


93,276 


6.11 


132 


EFTl 


5.7 


41.6 


0.890 


102,064' 


6.61' 


94 


ADE3 


4.8 


5.2 


0.423 


107,482' 


5.33' 


4 


MCM3 


2.7 


NA*^ 


0.240 



" YPD gene names are available from the YPD website (39). 
^ NA, calculation could not be performed or was not available. 
*^ mRNA data inconclusive or NA. 
No methionines in .predicted ORF; therefore, protein concentration was not 
determined. 

" Measured molecular weight or pi did not match theoretical molecular weight 
or pi. 



Protein quantitation. ["^SJmethionine-labeled gels were exposed to X-ray film 
overnight, and then the silver stain and film were used to excise 156 spots of 
varying intensities, molecular weights, and pis. The excised spots were placed in 
0.6-ml microcentrifuge tubes, and scintillation cocktail (100 ^.1) was added. The 
samples were vortexed and counted. In addition, two parallel gels were electro- 
blotted to polyvinyl idene difluoride membranes. The membranes were exposed 
to X-ray film, and four intense single spots were excised from each membrane 
and subjected to amino acid analysis. For these four spots, a mean of 209 ± 4 
cpm/pmol of protein/methionine was found. This number was used to quantitate 
all remaining spots in conjunction with the number of methionines present in the 
protein. 

To ensure that proteins were labeled to equilibrium, parallel 2D gels were 
prepared and run on yeast metabolically labeled for 1, 2, 6, or 18 h. The 
corresponding 156 spots were excised from each gel, and radioactivity was mea- 
sured by liquid scintillation counting for each spot. Calculated protein levels were 
highly reproducible for all time points measured after 1 h. 

Calculation of codon bias and predicted lialMife. Codon bias values were 
extracted from the YPD spreadsheet (17). Protein half-lives were calculated 
based on the N-end rule (33). When the N- terminal processing was not known 
experimentally, it was predicted based on the affinity of methionine aminopep- 
tidase (31). 

RESULTS 

Characteristics of proteome approach. Nearly every facet of 
proteome analysis hinges on the unambiguous identification of 
large numbers of expressed proteins in cells. Several tech- 
niques have been described previously for the identification of 
proteins separated by 2DE, including N-terminal and internal 
sequencing (1, 2), amino acid analysis (38), and more recently 
mass spectrometry (25). We utilized techniques based on mass 
spectrometry because they afford the highest levels of sensitiv- 
ity and provide unambiguous identification. The specific pro- 
cedure used is schematically illustrated in Fig. 1 and is based 
on three principles. First, proteins are removed from the gel by 
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proteolytic in-gel digestion, and the resulting peptides are sep- 
arated by on-line capillary high-performance liquid chromatog- 
raphy. Second, the eluting peptides are ionized and detected, and 
the specific peptide ions are selected and fragmented by the 
mass spectrometer. To achieve this, the mass spectrometer 
switches between the MS mode (for peptide mass identifica- 
tion) and the MS/MS mode (for peptide characterization and 
sequencing). Selected peptides are fragmented by a process 
called collision-induced dissociation (CID) to generate a tan- 
dem mass spectrum (MS/MS spectrum) that contains the pep- 
tide sequence information. Third, individual CID mass spectra 
are then compared by computer algorithms to predicted spec- 
tra from a sequence database. This results in the identification 
of the peptide and, by association, the protein(s) in the spot. 
Unambiguous protein identification is attained in a single anal- 
ysis by the detection of multiple peptides derived from the 
same protein. 

Protein identification. Yeast total cell protein lysate (40 (jig), 
metabolically labeled with p^SJmethionine, was electro- 
phoretically separated by isoelectric focusing in the first dimen- 
sion and by SDS-10% polyacrylamide gel electrophoresis in 
the second dimension. Proteins were visualized by silver stain- 
ing and by autoradiography. Of the more than 1,000 proteins 
visible by silver staining, 156 spots were excised from the gel 
and subjected to in-gel tryptic digestion, and the resulting 
peptides were analyzed and identified by microspray LC- 
MS/MS techniques as described above. The proteins in this 
study were all identified automatically by computer software 
with no human interpretation of mass spectra. They are indi- 
cated in Fig. 2 and detailed in Table 1. 

The CID spectra shown in Fig. 3 indicate that the quality of 
the identification data generated was suitable for unambiguous 
protein identification. The spectra represent the amino acid 
sequences of tryptic peptides NSGDIVNLGSIAGR (Fig. 3A) 
and FAVGAFTDSLR (Fig, 3B). Both peptides were derived 
from protein S57593 (hypothetical protein YMR226C), which 
migrated to spot 114 (molecular weight, 29,156; pi, 6.59) in the 
2D gel in Fig. 2. Five other peptides from the same analysis 
were also computer matched to the same protein sequence. 

Protein and mRNA quantitation. For the 156 genes investi- 
gated, the protein expression levels ranged from 2,200 (PGM2) 
to 863,000 (TDH2/TDH3) copies/cell. Thie levels of mRNA for 
each of the genes identified were calculated from SAGE fre- 
quency tables (35). These tables contain the mRNA levels for 
4,665 genes in yeast strain YPH499 grown to mid-log phase in 
YPD medium on glucose as a carbon source. In some in- 
stances, the mRNA levels could not be calculated for reasons 
stated in Materials and Methods. For the proteins analyzed in 
this study, mean transcript levels varied from 0.7 to 473 copies/ 
cell. 

Selection of tlie sample population for mRNA-protein ex- 
pression level correlation. 'Hie protein spots selected for iden- 
tification were selected from spots visible by silver staining in 
the 2D gel. An attempt was made not to include spots where 
overlap with other spots was readily apparent. The number of 
proteins identified was 156 (Table 1). Some proteins migrated 
to more than one spot (presumably due to differential protein 
processing or modifications), and protein levels from these 
spots were calculated by integrating the intensities of the dif- 
ferent spots. The 156 protein spots analyzed represented the 
products of 128 different genes. Genes were excluded from the 
correlation analysis only if part of the data set was missing; i.e., 
genes were excluded if (i) no mRNA expression data were 
available for the protein or putative SAGE tags were ambig- 
uous, (ii) the amino acid sequence did not contain methionine, 
(iii) more than a single protein was conclusively identified as 
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migrating to the same gel spot, or (iv) the theoretical and 
observed pis and molecular weights could not be reconciled. 
After these criteria were applied, the number of genes used in 
the correlation analysis was 106. 



Codon bias and predicted half-lives. Codon bias is thought 
to be an indicator of protein expression, with highly expressed 
proteins having large codon bias values. The codon bias distri- 
bution for the entire set of more than 6,000 predicted yeast 
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gene ORFs is presented in Fig. 4A. The interval with the 
largest frequency of genes is between the codon bias values of 
0.0 and 0.1. This segment contains more than 2,500 genes. The 
distribution of the codon bias values of the 128 different genes 
found in this study (all protein spots from Fig. 2) is shown in 
Fig. 4B, and protein half-lives (predicted from applying the 
N-end rule [33] to the experimentally determined or predicted 
protein N termini) are shown in Fig. 4C, No genes were iden- 
tified with codon bias values less than 0.1 even though thou- 
sands of genes exist in this categoiy. In addition, nearly all of 
the prbteins identified had long predicted half-lives (greater 
than 30 h). 

Correlation of mRNA and protein expression levels. The 
correlation between mRNA and protein levels of the genes 
selected as described above is shown in Fig. 5. For the entire 
group (106 genes) for which a complete data set was gener- 
ated, there was a general trend of increased protein levels 
resulting from increased. mRNA levels. The Pearson product 
moment correlation coefficient for the whole data set (106 
. genes) was 0.935. This number is highly biased by a small . 
number of genes* with very large protein and message levels. A 
more representative subset of the data is shown in the inset of 
Fig. 5. It shows genes for which the message level was below 10 
copies/cell and includes 69% (73 of 106 genes) of the data used 
in the study. The Pearson product moment correlation coeffi- 
cient for this data set was only 0.356. We also found that levels 
of protein expression coded for by mRNA with comparable 
abundance varied by as much as 30-fold and that the mRNA 
levels coding for proteins with comparable expression levels 
varied by as much as 20-fold. 

The distortion of the correlation value induced by the un- 
even distribution of the data points along the x axis is further 
demonstrated by the analysis in Fig. 6. The 106 samples in- 
cluded in the study were ranked by protein abundance, and the 
Pearson product moment correlation coefficient was repeat- 
edly calculated after including progressively more, and higher- 
abundance, proteins in each calculation. The correlation values 
remained relatively stable in the range of 0.1 to 0.4 if the 
lowest-expressed 40 to 95 proteins used in this study were 
included. However, the correlation value steadily climbed by 
the inclusion of each of the 11 very highly expressed proteins. 

Correlation of protein and mRNA expression levels with 
codon bias. Codon bias is the propensity for a gene to utilize 
the same codon to encode an amino acid even though other 
codons would insert the identical amino acid in the growing 
polypeptide sequence. It is further thought that highly ex- 
pressed proteins have large codon biases (3). To assess the 
value of codon bias for predicting mRNA and protein levels in 
exponentially growing yeast cells, we plotted the two experi- 
mental sets of data versus the codon bias (Fig. 7). The distri- 
bution patterns for both mRNA and protein levels with respect 
to codon bias were highly similar. There was high variability in 
the data within the codon bias range of 0.8 to 1.0. Although a 
large codon bias generally resulted in higher protein and mes- 
sage expression levels, codon bias did not appear to be predic- 
tive of either protein levels or mRNA levels in the cell. 

DISCUSSION 

The desired end point for the description of a biological 
system is not the analysis of mRNA transcript levels alone but 
also the accurate measurement of protein expression levels and 
their respective activities. Quantitative analysis of global 
mRNA levels currently is a preferred method for the analysis 
of the state of cells and tissues (11). Several methods which 
either provide absolute mRNA abundance (34, 35) or relative 



3000 



2000 



1000 




B 



Codon Bias 



&0 



50 n 

40 
30 - 
20 
10 
0 



M ^ © — M 

9 9^00 o o 



5 2 S 2 S 2 



Codon Bias 



I 



I 

S 



150 -j 
125 ■ 
100 - 

75 - 

50 

25 
0 




Short Long 

Predicted HalMife 

FIG. 4. Current proteonie analysis technology utilizing 2DE without preen- 
richment samples mainly highly expressed and long-l^ed proteins. Genes encod- 
ing highly expressed proteins generally have large codon bias values. (A) Distri- 
bution of the yeast genome (more than 6,000 genes) based on codon bias. The 
interval with the largest frequency of genes is 0.0 to 0.1, with more than 2,500 
genes. (B) Distribution of the genes from identified proteins in this study based 
on codon bias. No genes with codon bias values less than 0.1 were detected in this, 
study. (C) Distribution of identified proteins in this study based on predicted 
half-life (estimated by N-end rule). 



mRNA levels in comparative analyses (20, 27) have been de- 
scribed elsewhere. The techniques are fast and exquisitely sen- 
sitive and can provide mPLNA abundance for potentially any 
expressed gene. Measured mRNA levels are often implicitly or 
explicitly extrapolated to indicate the levels of activity of the 
corresponding protein in the cell. Quantitative analysis of pro- 
tein expression levels (proteome analysis) is much more time- 
consuming because proteins are analyzed sequentially one by 
one and is not general because analyses are limited to the 
relatively highly expressed proteins. Proteome analysis does, 
however, provide types of data that are of critical importance 
for the description of the state of a biological system and that 
are not readily apparent from the sequence and the level of 
expression of the mRNA transcript. This study attempts to 
examine the relationship between mRNA and protein expres- 
sion levels for a large number of expressed genes in cells 
representing the same state: 

Limits in the sensitivity of current protein analysis technol- 
ogy precluded a completely random sampling of yeast proteins. 
We therefore based the study on those proteins visible by silver 
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Staining on a 2D gel. Of the more than 1,000 visible spots, 156 
were chosen to include the entire range of molecular weights, 
isoelectric focusing points, and staining intensities displayed on 
the 2D protein pattern. The genes identified in this study 
shared a number of properties. First, all of the proteins in this 
study had a codon bias of greater than 0.1 and 93% were 
greater than 0.2 (Fig. 4B). Second, with few exceptions, the 
proteins in this study had long predicted half-lives according to 
the N-end rule (Fig. 4C). Third, low-abundance proteins with 
regulatory functions such as transcription factors or protein 
kinases were not identified. 

Because the population of proteins used in this study ap- 
pears to be fairly homogeneous with respect to predicted half- 
life and codon bias, it might be expected that the correlation of 
the mRNA and protein expression levels would be stronger for 
this population than for a random sample of yeast proteins. We 
tested this assumption by evaluating the correlation value if 
different subsets of the available data were included in the 
calculation. The 106 proteins were ranked from lowest to high- 
est protein expression level, and the trend in the correlation 
value was evaluated by progressively including more of the 
higher-abundance proteins in the calculation (Fig. 6). The cor- 
relation value when only the lower-abundance 40 to 93 pro- 
teins were examined was consistently between 0.1 and 0.4. If . 
the 11 most abundant proteins were included, the correlation 
steadily increased to 0.94. We therefore expect that the corre- 
lation for all yeast proteins or for a random selection would be 
less than 0.4. The observed level of correlation between 
mRNA and protein expression levels suggests the importance 



of posttranslational mechanisms controlling gene expression. 
Such mechanisms include translational control (15) and con- 
trol of protein half-life (33). Since these mechanisms are also 
active in higher eukaryotic cells, we speculate that there is no 
predictive correlation between steady-state levels of mRNA 
and those of protein in mammalian cells. 

Like other large-scale analyses, the present study has several 
potential sources of error related to the methods used to de- 
termine mRNA and protein expression levels. The mRNA 
levels were calculated from frequency tables of SAGE data. 
This method is highly quantitative because it is based on actual 
sequencing of unique tags from each gene, and the number of 
times that a tag is represented is proportional to the number of 
mRNA molecules for a specific gene. This method has some 
limitations including the following: (i) the magnitude of the 
error in the measurement of mRNA levels is inversely propor- 
tional to the mRNA levels, (ii) SAGE tags from highly similar 
genes may not be distinguished and therefore are summed, (iii) 
some SAGE tags are from sequences in the 3' untranslated 
region of the transcript, (iv) incomplete cleavage at the SAGE 
tag site by the restriction enzyme can result in two tags repre- 
senting one mRNA, and (v) some transcripts actually do not 
generate a SAGE tag (34, 35). 

For the SAGE method, the error associated with a value 
increases with a decreasing number of transcripts per cell. The 
conclusions drawn from this study are dependent on the qual- 
ity of the mRNA levels from previoiisly published data (35). 
Since more than 65% of the mRNA levels included in this 
study were calculated to 10 copies/cell or less (40% were less 
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than 4 copies/ceil), the error associated with these values may 
be quite large. The mRNA levels were calculated from more 
than 20,000 transcripts. Assuming that the estimate of 15,000 
mRNA molecules per cell is correct (16), this would mean that 
mRNA transcripts present at only a single copy per cell would 
be detected 72% of the time (35). The mRNA levels for each 
gene were carefully scrutinized, and only mRNA levels for 
which a high degree of confidence existed were included in the 
correlation value. 

Protein abundance was determined by metabolic radiolabel- 
ing with p^S]methionine. The calculation required knowledge 
of three variables: the number of methionines in the mature 
protein, the radioactivity contained in the protein, and the 
specific activity of the radiolabel normalized per methionine. 
The number of methionines per protein was determined from 
the amino acid sequence of the proteins identified by tandem 
mass spectrometry. For some proteins, it was not known 
whether the methionine of the nascent polypeptide was pro- 
cessed away. The N termini of those proteins were predicted 
based on the specificity of methionine aminopeptidase (31). If 
the N-terminal processing did not conform to the predicted 
specificity of processing enzymes, the calculation of the num- 
ber of methionines would be affected. This discrepancy would 
affect most the quantitation of a protein with a very low num- 
ber of methionines. The average number of calculated methi- 
onines per protein in this study was 7.2. We therefore expect 
the potential for erroneous protein quantitation due to un- 
usual N-terminal processing to be small. 



The amount of radioactivity contained in a single spot might 
be the sum of the radioactivity of comigrating proteins. Be- 
cause protein identification was based on tandem mass spec- 
trometric techniques, comigrating proteins could be identified. 
However, comigrating proteins were rarely detected in this 
study, most likely because relatively small amounts of total 
protein (40 jxg) were initially loaded onto the gels, which re- 
sulted in highly focused spots containing generally 1 to 25 ng of 
protein. Because of the relatively small amount loaded, the 
concentrations of any potentially comigrating protein would 
likely be below the limit of detection of the mass spectrometry 
technique used in this study (1 to 5 ng) and belo^y the limit of 
visualization by silver staining (1 to 5 ng). In the overwhelming 
majority of the samples analyzed, numerous peptides from a 
single protein were detected. It is assumed that any comigrat- 
ing proteins were at levels too low to be detected and that their 
influence in the calculation would be small. 

The specific activity of the radiolabel was determined by 
relating the precise amount of protein present in selected spots 
of a parallel gel, as determined by quantitative amino acid 
composition analysis, to the number of methionines present in 
the sequence of those proteins and the radioactivity deter- 
mined by liquid scintillation counting. It is possible that the 
resulting number might be influenced by unavoidable losses 
inherent in the amino acid analysis procedure applied. Because 
four different proteins were utilized in the calculation and the 
experiment was done in duplicate, the specific activity calcu- 
lated is thought to be highly accurate. Indeed, the specific 
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activities calculated for each of the four proteins varied by less 
than 10%. Any inconsistencies in the calculation of the specific 
activity would result in differences in the absolute levels calcu- 
lated but not in the relative numbers and would therefore hot 
influence the correlation value determined. 

The protein quantitative method used eliminates a number 
of potential errors inherent in previous methods for the quan- 
titation of proteins separated by 2DE, such as preferential 
protein staining and bias caused by inequalities in the number 
of radiolabeled residues per protein. Any 2D gel-based method 
of quantitation is complicated by the fact that in some cases the 
translation products of the same mRNA migrated to different 
spots. One major reason is posttranslational modification or 
processing of the protein. Also, artif actual proteolysis during 
cell lysis and sample preparation can lead to multiple resolved 
forms of the protein. In such cases, the protein levels of spots 
coded for by the same mRNA were pooled. In addition, the 
existence of other spots coded for by the same mRNA that 
were not analyzed by mass spectrometry or that were below the ' 
limit of detection for silver staining cannot be ruled out. How- 
ever, since this study is based on a class of highly expressed 
proteins, the presence of undetected minor spots below silver 
staining sensitivity corresponding to a protein analyzed in the 
study would generally cause a relatively small error in protein 
quantitation. 

Codon bias is a measure of the propensity of an organism to 
selectively utilize certain codons which result in the incorpo- 
ration of the same amino acid residue in a growing polypeptide 
chain. There are 61 possible codons that code for 20 amino 
acids. The larger the codon bias value, the smaller the number 
of codons that are used to encode the protein (19). It is 



thought that codon bias is a measure of protein abundance 
because highly expressed proteins generally have large codon 
bias values (3, 13). 

Nearly all of the most highly expressed proteins had codon 
bias values of greater than 0.8. However, we detected a number 
of genes with high codon bias and relative low protein abun- 
dance (Fig. 7). For example, the expressed gene with both the 
second largest protein and mRNA levels in the study was 
EN02^ YEAST (775,000 and 289.1 copies/cell, respectively). 
EN01_YEAST was also present in the gel at much lower 
protein and mRNA levels (44,200 and 0.7 copies/cell, respec- 
tively). The codon bias values for EN02 and ENOl are similar 
(0.96 and 0.93, respectively), but the expression of the two 
genes is differentially regulated. Specifically, EN01_YEAST is 
glucose repressed (6) and was therefore present in low abun- 
dance under the conditions used. Other genes with large codon 
bias values that were not of high protein abundance in the gel 
include EFTl, TIFl, HXK2, GSPl, EGD2, SHM2, and TALI. 
We conclude that merely determining the codon bias of a gene 
is not sufficient to predict its protein expression level. 

Interestingly, codon bias appears to be an excellent indicator 
of the boundaries of current 2D gel proteome analysis tech- 
nology. There are thousands of genes with expressed mRNA 
and likely expressed protein with codon bias values less than 
0.1 (Fig. 4A). In this study, we detected none of them, and only 
a very small percentage of the genes detected in this study had 
codon bias values between 0.1 and 0.2 (Fig. 4B). Indeed, in 
every examined yeast proteome study (5, 7, 13, 28) where the 
combined total number of identified proteins is 300 to 400, this 
same observation is true. It is expected that for the more 
complex cells of higher eukaryotic organisms the detection of 
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low-abundance proteins would be even more challenging than 
for yeast. This indicates that highly abundant, long-lived pro- 
teins are overwhelmingly detected in proteome studies. If pro- 
teome analysis is to provide truly meaningful information 
about cellular processes, it must be able to penetrate to the 
level of regulatory proteins, including transcription factors and 
protein kinases. A prqmising approach is the use of narrow- 
range ifocusing gels with immobilized pH gradients (IPG) (23). 
This would allow for the loading of significantly more protein 
per pH unit covered and also provide increased resolution of 
proteins with similar electrophoretic mobilities. A standard pH 
gradient in an isoelectric focusing gel covers a 7-pH-unit range 
(pH 3 to 10) over 18 cm. A narrow-range focusing gel might 
expand the range to 0.5 pH units over 18 cm or more. This 
could potentially increase by more than 10-foId the number of 
proteins that can be detected. Clearly, current proteome tech- 
nology is incapable of analyzing low-abundance regulatoiy pro- 
teins without employing an enrichment method for relatively 
low-abundance proteins. In conclusion, this study examined 
. the relationship between yeast protein and message levels and 
revealed that transcript levels provide little predictive value 
with respect to the extent of protein expression. 
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